A trilocus sequence typing scheme for hospital epidemiology and subspecies differentiation of an important nosocomial pathogen, Enterococcus faecalis. by Chowdhury, Shahreen A et al.
JOURNAL OF CLINICAL MICROBIOLOGY, Sept. 2009, p. 2713–2719 Vol. 47, No. 9
0095-1137/09/$08.000 doi:10.1128/JCM.00667-09
Copyright © 2009, American Society for Microbiology. All Rights Reserved.
A Trilocus Sequence Typing Scheme for Hospital Epidemiology and
Subspecies Differentiation of an Important Nosocomial Pathogen,
Enterococcus faecalis†
Shahreen A. Chowdhury,1,2,3 Cesar A. Arias,1,2,4 Sreedhar R. Nallapareddy,1,2 Jinnethe Reyes,4
Rob J. L. Willems,5 and Barbara E. Murray1,2,3*
Center for the Study of Emerging and Re-Emerging Pathogens, Division of Infectious Diseases,1 Department of Internal Medicine,2
and Department of Microbiology and Molecular Genetics,3 University of Texas Medical School at Houston, Houston, Texas;
Molecular Genetics and Antimicrobial Resistance Unit, Universidad El Bosque, Bogota, Colombia4; and Department of
Medical Microbiology, University Medical Center Utrecht, Utrecht, The Netherlands5
Received 1 April 2009/Returned for modification 21 May 2009/Accepted 25 June 2009
In this study, we present a trilocus sequence typing (TLST) scheme based on intragenic regions of two
antigenic genes, ace and salA (encoding a collagen/laminin adhesin and a cell wall-associated antigen, respec-
tively), and a gene associated with antibiotic resistance, lsa (encoding a putative ABC transporter), for
subspecies differentiation of Enterococcus faecalis. Each of the alleles was analyzed using 50 E. faecalis isolates
representing 42 diverse multilocus sequence types (STM; based on seven housekeeping genes) and four groups
of clonally linked (by pulsed-field gel electrophoresis [PFGE]) isolates. The allelic profiles and/or concatenated
sequences of the three genes agreed with multilocus sequence typing (MLST) results for typing of 49 of the 50
isolates; in addition to the one exception, two isolates were found to have identical TLST types but were
single-locus variants (differing by a single nucleotide) by MLST and were therefore also classified as clonally
related by MLST. TLST was also comparable to PFGE for establishing short-term epidemiological relation-
ships, typing all isolates classified as clonally related by PFGE with the same type. TLST was then applied to
representative isolates (of each PFGE subtype and isolation year) of a collection of 48 hospital isolates and
demonstrated the same relationships between isolates of an outbreak strain as those found by MLST and
PFGE. In conclusion, the TLST scheme described here was shown to be successful for investigating short-term
epidemiology in a hospital setting and may provide an alternative to MLST for discriminating isolates.
Enterococci are commensal members of the gastrointestinal
tract flora of humans and animals. Within the last 2 decades,
enterococci have emerged as the second to third most frequent
cause of nosocomial infections, including endocarditis and
bloodstream, urinary tract, and wound infections, among oth-
ers (8, 15, 19, 24, 39). These organisms are also known to have
the ability to acquire and transfer antibiotic resistance genes
and virulence-associated genes (37). Although there are more
than 30 species of the genus Enterococcus, two species, Entero-
coccus faecalis and Enterococcus faecium, account for a vast
majority of enterococcal clinical and nosocomial infections (15,
21, 35). In the past, several molecular typing studies have
shown that specific lineages of pathogenic bacteria arise period-
ically, proliferate, and spread in the presence of selective pres-
sures (34). Therefore, accurate typing of enterococcal strains is
crucial for the identification of particular clones capable of
causing infections and with the ability to spread in the hospital
environment.
A number of phenotypic and genotypic typing methods have
been applied to the subspecies differentiation of enterococcal
isolates. Phenotypic methods which have been used in the past
include serotyping (17, 22, 26) and multilocus enzyme electro-
phoresis (50). Genotypic methods include, among others (3,
52, 53), ribotyping (14, 38), repetitive sequence-based PCR
(25, 35), multilocus variable-number tandem-repeat analysis
(49, 54), pulsed-field gel electrophoresis (PFGE) (10, 12, 49),
and multilocus sequence typing (MLST) (10, 26, 31, 41).
Among these methods, PFGE, based on chromosomal restric-
tion endonuclease digestion patterns, is widely used for the
study of hospital outbreaks and is considered by many to be the
“gold standard” molecular typing technique (48). However,
this methodology has several limitations due to the facts that it
is labor-intensive and the results have poor interlaboratory
transportability. This technique is also unsuitable for long-term
epidemiology and population studies due to changes in restric-
tion sites, genomic rearrangements, and/or acquisition of DNA
by a clonal lineage, which may markedly change the restriction
pattern (41). A more appropriate typing technique for long-term
epidemiology, which is currently also widely used for subspecies
differentiation, is MLST. MLST, based on the allelic variations in
sequences of multiple loci, unambiguously types strains (23) and
offers an advantage over other techniques used for typing, such as
PFGE, since the data are objective and easily stored, compared,
and shared via the Internet.
Two different MLST schemes have been used successfully
for differentiation of E. faecalis strains (31, 41). The first
scheme, which assessed three antigenic genes and one house-
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keeping gene, found that the allelic profile of two antigenic
genes (ace and salA) was sufficient to discriminate the 22 E.
faecalis isolates included therein (31). The second MLST
scheme, based on the allelic profiles of seven housekeeping
genes, was used to type 110 isolates and provided insight into
the population structure as well as long-term epidemiological
relationships of E. faecalis strains (41). However, typing studies
on other organisms, such as Salmonella enterica serovar Typhi-
murium and Staphylococcus aureus, have suggested that MLST
based on housekeeping genes may not provide enough discrim-
inatory power to study hospital outbreaks or to accurately
determine short-term genetic relationships, which can be cru-
cial for hospital epidemiology and infection control purposes
(9, 13, 27).
Our hypothesis for this work was that a sequence-based
methodology applied to genes encoding antigenic or cell sur-
face proteins (rather than housekeeping genes) may poten-
tially be more useful to establish short-term epidemiologic
relationships in E. faecalis, since these genes would be more
susceptible to evolutionary selective pressures and potentially
could identify and discriminate isolates from hospital out-
breaks, similar to PFGE.
In the present work, the trilocus sequence types (STT; se-
quence type based on three genes) of 50 isolates were com-
pared to their multilocus sequence types (STM; sequence type
based on seven housekeeping genes). To determine the appli-
cability of trilocus sequence typing (TLST) for a clinical set-
ting, the scheme was also used to type sets of predetermined
(by PFGE) clones and was then applied to a collection of
hospital isolates from Bogota, Colombia, recently reported by
Arias et al. to belong to an ST-2 clonal lineage (1).
(Part of this work was presented at the 47th Interscience
Conference on Antimicrobial Agents and Chemotherapy, Chi-
cago, IL, 2007.)
MATERIALS AND METHODS
Bacterial isolates. Fifty E. faecalis isolates representing 42 diverse STM were
chosen for the development and validation (http://www.mlst.net) of the TLST
scheme (Table 1 [isolates organized by STM]; also see Table S1 in the supple-
mental material [isolates organized in alphanumeric order]). The isolation dates
for these organisms range from 1974 (the laboratory strain JH2-2) to 2005 (a
recent clinical strain, TX2853) (2, 11, 51). These isolates were recovered from
geographically divergent regions, including Thailand, The Netherlands, Spain,
Denmark, Lebanon, India, Poland, Argentina, and various cities in the United
States. The isolation sites were also very diverse, with isolates from a variety of
clinical sources (including patient blood, wounds, and urine) and animal sources
(cows, chickens, pigs, and a seal), human community fecal isolates, and labora-
tory strains (Table 1). Isolates belonging to the previously defined Bla Vanr
endocarditis (BVE) clonal complex and the Argentina-Connecticut Bla (ACB)
and Houston Vanr 1 (HV1) clones are marked with asterisks in Table 1 (33). The
BVE, ACB, and HV1 lineages were subsequently designated STM-6, STM-9, and
STM-2, respectively (41). For isolates TX0635, TX2621, TX0921, and TX4260,
discrepancies among allele types (in salA for TX0635 and TX0921, ace for
TX2621, and yqiL for TX4260) were found versus what was previously published
(6, 31, 33, 41). Since all four isolates were clinical samples, it is possible that more
than one subpopulation may have been present in the original sample; it is also
possible that samples were inadvertently switched with others and/or that there
was a previous error in sequencing. Thus, these cultures were restreaked, and the
STM and STT reported in this study for these isolates represent results for a
single colony designated with the number 2 next to the isolate name, to differ-
entiate the subpopulation used in this study from that in previous studies. Ten
isolates of known PFGE types (belonging to four pulsotype groups that differed
within each group by fewer than six bands) were also included.
The PFGE pattern designations of the isolates are the same as in the original
publications (Table 2). The TLST technique was also applied to 16 of 48 clinical
isolates, representative of each of the PFGE subtypes and isolation years
(sources include surgical wounds, peritoneal fluid, and patient urine), of vanco-
mycin-resistant E. faecalis isolates recovered in Colombian hospitals from 2001
to 2006 (Table 3). We reported recently that these isolates belong to an ST-2,
vanB-carrying strain of E. faecalis originally found in Houston, TX, in 1994 which
has since disseminated in several hospitals in Colombia (1).
PCR, sequencing, analysis, and allele and ST assignment. Genomic DNA was
isolated from a single-colony culture after overnight growth in 5 ml of brain heart
infusion broth (Becton Dickinson, Sparks, MD), using a commercial kit (DNeasy
tissue kit; Qiagen, Valencia, CA). The intragenic sequences of the ace, salA, and
lsa genes were amplified and sequenced using the primers listed in Table S2 in
the supplemental material. Due to observed sequence heterogeneity in the for-
ward primer region of salAF, salAF1 was used for isolates TX2148, TX2137,
TX2142, TX2134, and TX4245 (see Table S2 in the supplemental material). PCR
mixtures contained the following in a 25-l volume: 0.5 l of template DNA, 0.5
l of forward primer (25 pmol/l), 0.5 l of reverse primer (25 pmol/l), 2.5 l
of deoxynucleoside triphosphates, 5 l of optimized buffer B (1 buffer is 60 mM
Tris-HCl [pH 8.5], 15 mM ammonium sulfate, 2 mM MgCl2) obtained from
Invitrogen (Carlsbad, CA), 0.1 l of Invitrogen Taq DNA polymerase (5 units/
l), and 15.9 l of distilled H2O. PCR was performed with an initial denaturation
at 94°C for 2 min, followed by 32 cycles of 94°C for 15 s, 55°C for 15 s, and 72°C
for 1 min and a final extension of 72°C for 7 min.
The PCR amplicons were purified using a QIAquick PCR purification kit
(Qiagen, Valencia, CA). Sequencing of the amplicons was performed using an
Applied Biosystems BigDye Terminator V3.1 cycle sequencing kit (Foster City,
CA). Each allele was sequenced from two independent amplicons, using the
primers listed in Table S2 in the supplemental material. The sequences were
resolved using an ABI Prism 3730 and/or Prism 3130 genetic analyzer. Sequences
were assembled using DNASTAR software’s SeqMan program (Lasergene,
Madison, WI). Sequence types were determined by allelic variations in the three
loci (no weight was given to the degree of sequence divergence between alleles).
The presence of one or more nucleotide changes was defined as indicating a
distinct allele type, which was assigned a number arbitrarily. An STT was defined
as the combination of the types for the three alleles. In all cases except one
(TX4241), the STT number assigned was chosen to match the previously as-
signed/published STM sequence type. TX4241 had an identical STT to another
isolate, TX4251, although the STM differed, and therefore was assigned the STT
of isolate TX4251. To determine the overall divergence of the sequenced gene
fragments of the three loci, these sequences were then spliced together to obtain
a composite, concatenated sequence for each isolate. Sequence alignments were
performed by the Jotun Hein method, using the MegAlign program of
DNASTAR software (Madison, WI).
PFGE and MLST. A previously described method for PFGE was used, with
some modifications (12, 29). Agarose plugs containing genomic DNA were
digested with SmaI (NEB, Ipswich, MA), and electrophoresis was carried out
using a clamped homogenous electrical field (CHEF-DRIII device; Bio-Rad
Laboratories, Richmond, CA), with ramped pulse times beginning at 2 s and
ending with 50 s, at 200 V for 23 h. The PFGE patterns were interpreted using
the criteria suggested by Tenover et al. (48). MLST based on seven housekeeping
genes was performed using the criteria and primers for E. faecalis designated by
Ruiz-Garbajosa et al. (41). Sequence types were assigned in accordance to the
database available at http://efaecalis.mlst.net/.
Statistics. Simpson’s index of diversity was calculated as proposed by Hunter
and Gaston (18). To measure the clustering concordance between MLST and
TLST, Hubert and Arabie’s adjusted Rand index (4, 16) and the Wallace coef-
ficient (4, 55) were calculated using Ridom Epicompare software (http://www
.ridom.de/download.shtml).
RESULTS AND DISCUSSION
Selection of third locus for development of a TLST scheme
based on nonhousekeeping genes. Although our previous pilot
study indicated that sequence variation in ace and salA was
sufficient to differentiate the isolates of the 13 ST studied, our
subsequent comparisons with other typing techniques revealed
minor discrepancies in their clonal relationships, possibly due
to horizontal transfer of the ace gene (31). Therefore, we
hypothesized that an additional gene might improve typing
discrimination. To select an additional gene, we analyzed the
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allelic variation in a few possible candidate genes in the se-
quenced strains V583 (ST-6, clonal complex 2 [CC2]) (37),
OG1RF (ST-1) (2), HH22 (ST-6, CC2), and TX0104 (endo-
carditis-derived strain; ST-2, CC2) (B. E. Murray et al., un-
published data). Based on sequence identities and differences
in the sequenced strains, three genes encoding endocarditis
and biofilm-associated pili (ebpA, ebpB, and ebpC) (32, 46) and
one gene (lsa; lincosamide and streptogramin A resistance)
encoding a putative ABC transporter that mediates the intrin-
sic resistance of E. faecalis to the pristinamycin antibiotic
quinupristin-dalfopristin (47) were selected for further analy-
sis. Since lsa offered a reasonable degree of sequence diver-
gence in six additional strains studied, we selected this gene as
the third locus. Hence, the modified scheme consisted of the
intragenic regions of ace, salA, and lsa.
Establishment of TLST. For the establishment of TLST, 50
isolates of 42 diverse STM collected in nine different countries
and representing human and animal sources were chosen based
on their seven-housekeeping-gene STM. For the majority of
the isolates, the lengths of the loci analyzed for allele assign-
ment for ace, salA, and lsa were 828 bp (from bp 197 to 1024
of the complete open reading frame), 863 bp or 866 bp (from
TABLE 1. TLST of isolates with known MLST types
Isolate alternative name(s)a Source; origin; yr of isolation or collectionb Reference(s) STMc ST
T
(allelic profile for ace, salA, lsa)d
OGIRF (TX4002, A0212) Laboratory strain; before 1978 2, 12, 25, 31, 41, 50 1 1 (1, 1, 1)
TX2621-2 (A0218)* Nosocomial blood; Houston, TX; 1996 6, 31, 33, 41 2 2 (8, 2, 9)
TX2486 (A0219)* Nosocomial blood; Houston, TX; 1994 6, 25, 31, 33 2 2 (8, 2, 9)
TX0855 (BE83, A0220) Nosocomial urine; Bangkok, THA; 1980 12, 29, 31, 33, 41 4 4 (5, 1, 32)
TX2783 (B-343, A0221) Chicken product; Logrono, ESP; 1998 31, 33, 40, 51 5 5 (4, 1, 25)
TX0052 (A0225)** Nosocomial endocarditis; Springfield, MO;
1993
25, 33, 41 6 6 (3, 8, 13)
V583 (TX2708, A0224)** Nosocomial blood; St. Louis, MO; 1989 33, 37, 41, 42 6 6 (3, 8, 13)
TX0614 (E228, A0222)** Nosocomial urine; Richmond, VA; 1990 25, 31, 33, 43, 50 6 6 (3, 8, 13)
TX0921-2 (HH22, A0223)** Nosocomial urine; Houston, TX; 1981 12, 25, 30, 31, 33, 41, 50 6 6 (3, 8, 13)
JH2–2 (TX4000, A0213) Laboratory strain; before 1974 12, 25, 31, 33, 41, 50 8 8 (4, 7, 20)
TX4260-2 (A1008) Nosocomial peritoneum; Warsaw, POL; 2005 20 8 8 (4, 7, 20)
TX0630 (HG6280, A0214)*** Nosocomial blood; Buenos Aires, ARG; 1989 12, 25, 28, 30, 31, 33, 41, 50 9 9 (7, 3, 15)
TX0635–2 (WH245, A0215)*** Nosocomial; West Haven, CT; 1986 12, 30, 31, 33, 36, 41, 50 9 9 (7, 3, 15)
TX0645 (A0216) Nosocomial; Beirut, LBN; 1989 30, 31, 33, 41, 50 10 10 (6, 4, 5)
TX0860 (BE88, A0217) Nosocomial catheter tip; Bangkok, THA; 1980 12, 29, 31, 33, 41, 50 11 11 (7, 6, 1)
TX2137 (E1798) Nosocomial feces; Madrid, ESP; 2001 41 16 16 (6, 1, 24)
TX4245 (E1872) Dog cerumen; NLD; 2003 41 16 16 (6, 1, 24)
TX4247 (E1876) Pig joint; NLD; 1994 41 20 20 (17, 20, 3)
TX2148 (E1875) Cow milk; NLD; 1996 41 21 21 (17, 1, 25)
TX4243 (E0252) Calf feces; NLD; 1996 41, 44 23 23 (6, 3, 6)
TX2141 (E1825) Nosocomial blood; Madrid, ESP; 2001 41 25 25 (6, 10, 30)
TX4244 (E1022) Community volunteer feces; NLD; 1998 41 27 27 (21, 25, 19)
TX4246 (E1873) Tick blood; NLD; 1996 41 29 29 (22, 26, 31)
TX2134 (E1052) Community volunteer feces; NLD; 1998 41 30 30 (17, 1, 21)
TX2145 (E1843) Nosocomial blood; Madrid, ESP; 2001 41 33 33 (6, 25, 23)
TX2136 (E1796) Nosocomial feces; Madrid, ESP; year UNK 41 34 34 (28, 27, 4)
TX2139 (E1802) Nosocomial feces; Madrid, ESP; year UNK 41 35 35 (15, 15, 17)
TX2147 (E1845) Nosocomial blood; Madrid, ESP; 2001 41 36 36 (27, 2, 10)
TX2143 (E1839) Nosocomial blood; Madrid, ESP; 2001 41 37 37 (13, 2, 12)
TX2140 (E1803) Nosocomial feces; Madrid, ESP; year UNK 41 38 38 (26, 19, 11)
TX2142 (E1837) Nosocomial blood; Madrid, ESP; 2001 41 39 39 (17, 25, 26)
TX2144 (E1840) Nosocomial blood; Madrid, ESP; 2001 41 40 40 (19, 25, 19)
TX4248 (1877) Seal lymph node; NLD; 2002 41 40 40 (19, 25, 19)
TX2135 (E1795) Nosocomial feces; Madrid, ESP; year UNK 41 44 44 (28, 14, 18)
TX4242 (A0834, D3) Pig; DNK; year UNK 44 47 47 (11, 23, 7)
TX2138 (E1801) Nosocomial feces; Madrid, ESP; year UNK 41 48 48 (12, 17, 12)
TX2149 (E1959) Nosocomial feces; Madrid, ESP; 2001 41 53 53 (14, 24, 8)
TX4249 (A0203) Nosocomial wound swab; IND; year UNK 41 54 54 (17, 16, 29)
TX4251 (A0206) Animal feces; Logrono, ESP; 2001 41 58 58 (25, 25, 2)
TX2146 (E1844) Nosocomial blood; Madrid, ESP; 2001 41 61 61 (23, 20, 33)
TX4254 (A0802) Nosocomial blood; Warsaw, POL; 1998 20 82 82 (20, 13, 27)
TX4255 (A0808) Nosocomial blood; Warsaw, POL; 2005 20 88 88 (3, 12, 14)
TX4238 (A0823, D28) Pig; DNK; year UNK 44 96 96 (24, 18, 22)
TX4239 (A0825, D30) Pig; DNK; year UNK 44 97 97 (10, 11, 29)
TX4240 (A0826, D31) Pig; DNK; year UNK 44 98 98 (16, 22, 28)
TX4241 (A0828, D33) Pig; DNK; year UNK 44 99 58 (25, 25, 2)
TX4257 (A1001) Nosocomial blood; Gorzow Wielkopolski, POL;
1998
20 130 130 (7, 25, 3)
TX4259 (A1006) Nosocomial blood; Wejherowo, POL; 2001 20 135 135 (6, 11, 29)
TX4262 (A1012) Nosocomial blood; Olsztyn, POL; 2002 20 140 140 (8, 21, 16)
TX2853 Nosocomial; Rochester, MN; 2005 51 158 158 (3, 3, 15)
a Isolates are ordered by STM. See Table S1 in the supplemental material for alphanumeric ordering by isolate name. Asterisks indicate prior clonal designations,
as follows: *, isolates of the HV1 clone; **, isolates within the BVE clonal complex; and ***, isolates of the ACB clone. The designation “-2” next to an isolate name
indicates that a different type was found for one allele than was published previously (see Materials and Methods). All allele results displayed here were obtained from
purified single colonies for both MLST and TLST.
b If the origin was unknown, it was not listed. UNK, unknown (for dates); THA, Thailand; NLD, The Netherlands; ESP, Spain; DNK, Denmark; LBN, Lebanon;
IND, India; POL, Poland; ARG, Argentina.
c Based on seven-housekeeping-gene scheme. STM are per published numbers assigned through http://efaecalis.mlst.net/.
d Based on intragenic sequences of ace, salA, and lsa. When possible, the same type number assigned previously by MLST was also assigned as the STT. Data in bold
indicate an instance where TX4241 was found to have an identical STT to that of TX4251, although the STM differed by one allele (by one nucleotide), and therefore
it was assigned the STT of TX4251.
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bp 89 to 954 or 957, due to a 3-bp in-frame deletion [positions
940 to 942] present in 52% of the allele types), and 868 bp
(from bp 270 to 1137), respectively. The exceptions were salA
of TX2136 (due to a 15-bp in-frame insertion between posi-
tions 688 and 689) and lsa of TX4254 (due to a 1-bp insertion
between positions 210 and 211). Note that the frameshift mu-
tation in lsa of TX4254 resulted in susceptibility to quinupris-
tin-dalfopristin (Etest MIC  1 to 1.5 g/ml); this finding is
consistent with published reports on other E. faecalis strains (7,
45, 47). The total number of different allele types identified for
50 isolates was 27, 27, and 33 for ace, salA, and lsa, respectively.
As shown in Tables S3 to S5 in the supplemental material, the
number of variable sites in each locus ranged from 65 (salA) to
71 (lsa).
Comparison of TLST to MLST. The discriminatory abilities
of MLST and TLST were first compared by the numbers of
unique and related STM and STT determined by each method.
The 50 isolates used for the development of the TLST scheme,
representing 42 distinct STM, were differentiated into 41 dif-
ferent sequence types by TLST (Table 1). For 36 isolates rep-
resenting singletons (a single isolate representing one ST) by
MLST, 35 STT were found. Thirty-four of the 36 were distin-
guished as singletons by TLST, and the remaining two MLST
singletons (STM-58 and STM-99) were represented by a single
STT (STT-58). Closer examination identified that STM-58 is a
single-locus variant (SLV) of STM-99 differing in the yqiL locus
by one nucleotide; thus, the grouping of these two isolates into
one STT resulted because they were indeed closely related.
The remaining 14 isolates represented small groups of 2 to 4
isolates belonging to six STM. All of the isolates in each of the
six groups were differentiated identically by both TLST and
MLST. In conclusion, 49 of the 50 isolates were typed similarly
between MLST and TLST. The remaining isolate, TX4241
(which had an identical STT to that of TX4251), was only 1 bp
different from TX4251 by MLST and thus was also closely
related by MLST. Furthermore, there were no differences be-
tween Simpson’s indexes of diversity for TLST (D  99.0%;
confidence interval, 0.981 to 1.0) and MLST (D  99.1%;
confidence interval, 0.981 to 1.0), suggesting that the two meth-
ods have very similar discriminatory abilities.
To compare the congruence between type assignments by
MLST and TLST, the adjusted Rand (4, 16) and Wallace (4,
55) coefficients were also calculated. This showed that the
probability that a pair of strains which were classified as the
same type by MLST were also classified as the same type by
TLST was 100% (based on the Wallace coefficient) and the
probability of two strains having the same STT also sharing the
same STM was 91.7% (as stated above, a single STT corre-
sponded to two STM that were SLVs that differed by a single
nucleotide). The adjusted Rand index (compares the cluster-
ing/grouping of isolates sharing similar characteristics accord-
ing to a given method) for MLST and TLST in this study was
0.956, meaning that the concordance between the two methods
was extremely good.
Next, since a previous study had suggested that virulence
genes may evolve too rapidly to be useful for assessing the
similarity of strains due to evolution from a common ancestor
(41), we looked further at evolutionary relationships. It is impor-
tant that accurate interpretations of clonal relationships between
SLVs and double-locus variants (DLVs) by TLST cannot be as-
sessed because of the limited number of loci in the scheme;
therefore, we used the percent identities calculated from the
concatenated sequences of all three genes (total sequence diver-
gence as opposed to allelic differences) for this analysis. As shown
in Fig. 1 and Fig. S1 in the supplemental material, the evolution-
ary relationships (clustering and branching between isolates/ST)
defined between two different ST were in agreement at times
and differed substantially at other times between the two tech-
niques. For example, STM-21/STT-21 and STM-5/STT-5 were
separated by a single branch in the tree created via the un-
weighted-pair group method using average linkages (UPGMA)
by both techniques (Fig. 1; see Fig. S1 in the supplemental
material). STM-21 and STM-5 are SLVs by MLST (99.9% iden-
tical by concatenated sequence), and STT-21 and STT-5 are
also highly identical by TLST (99.8%), differing by only one
allele in both cases. On the other hand, STM-40 was several
branches away from STM-27 in the MLST UPGMA tree (see
Fig. S1 in the supplemental material) due to differences in five
of the seven allele types (99.5% identical); however, STT-40
TABLE 2. TLST of groups of clonally related isolates of known
PFGE types
Isolate Reference(s) PFGE typea
STT
(allelic profile for
ace, salA, lsa)b
TX2528 5, 6, 25 V-1 12 (8, 2, 9)
TX2527 5, 6, 25 V-1a 12 (8, 2, 9)
TX2512 6, 25 V-1 12 (8, 2, 9)
TX0770 25, 29 C-1 6 (3, 8, 13)
TX0772 29 C-1a 6 (3, 8, 13)
TX0768 25, 29 C-1 6 (3, 8, 13)
TX0046 25, 50 E-1 T512 (12, 33, 34)
TX0045 25, 50 E-1 T512 (12, 33, 34)
TX2450a 25 F-1 40 (19, 25, 19)
TX2451a 25 F-1a 40 (19, 25, 19)
a Lowercase letters in the PFGE types represent related patterns of similar
types.
b When isolates were not previously typed by MLST, the STT was assigned an
arbitrary number, beginning with T500.
TABLE 3. Representative isolates from a hospital collection in
Colombia typed by TLSTa
Isolate Yr of isolation Hospital Isolation source
ERV-25 2001 A Surgical wound
ERV-31 2001 A Peritoneal fluid
ERV-37 2002 B Unknown
ERV-41 2003 C Unknown
ERV-62 2004 B Abscess
ERV-63 2004 B Catheter tip
ERV-65 2004 B Wound secretion
ERV-68 2004 B Hip
ERV-72 2005 B Wound secretion
ERV-73 2005 B Peritoneal fluid
ERV-81 2005 A Urine
ERV-85 2005 B Urine
ERV-93 2005 B Urine
ERV-103 2006 D Secretion
ERV-116 2006 D Peritoneal fluid
ERV-129 2007 B Surgical wound secretion
a All isolates were assigned to STT-2. Isolates ERV-25, ERV-31, ERV-62,
ERV-63, ERV-65, ERV-81, and ERV-116 were assigned to STM-2 by Arias
et al. (1).
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and STT-27 were separated by only a single branch (differing by
one allele) in the TLST UPGMA tree (Fig. 1) and were 99.8%
identical by the concatenated TLST genes. This may be indic-
ative of homoplasy (similarity due to convergent evolution) of
the genes in the TLST scheme, which implies that this scheme
is more suitable for the study of hospital epidemiology than
long-term epidemiology.
Correlation between PFGE and TLST. To compare the dis-
criminatory abilities of TLST and PFGE, we studied 10 isolates
belonging to four pulsotype groups (which differed by fewer
than six bands in each group), as identified by published PFGE
results (Table 2). Four different STT, corresponding to the
different PFGE types, were identified, and the isolates within
each PFGE group had identical STT (i.e., 100% identical con-
catenated sequences), thus suggesting that TLST’s usefulness
in the nosocomial setting is similar to that of PFGE (Table 2).
In contrast, the sequence divergence between the four different
PFGE/STT groups for the concatenated sequences ranged
FIG. 1. UPGMA tree generated from the TLST allelic profiles of 50 isolates. The phylogenetic tree was based on the matrix of pairwise
differences in TLST allelic sequences, as determined by UPGMA, and was drawn using the sequence type analysis and recombinational tests,
version 2 (START2), program (http://pubmlst.org/software/analysis/start2/).
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from 1.1 to 2.4% (27 to 60 bp different). Also, as previously
noted, PFGE is often not suitable for determining long-term
epidemiological relationships, which can be identified by se-
quence typing techniques. For example, isolates which were
SLVs or DLVs by MLST were generally considered to be in
the same clonal complex. However, as shown in Fig. 2, isolates
belonging to different STM but considered clonally linked by
MLST had differences of more than six bands by PFGE, and
consequently the clonal relationships were not widely discern-
ible by this method. Thus, TLST appears to be a fitting alter-
native for use in hospital epidemiology.
Application of TLST to a hospital collection. We next ap-
plied the TLST scheme to representative isolates of a recently
published hospital collection of 48 vancomycin-resistant E. fae-
calis strains previously typed by PFGE and MLST (Table 3)
(1). By PFGE, these isolates were all considered to be a related
clone (seven PFGE subtypes with 4 band differences) which
had disseminated in six hospitals in Bogota, Colombia. The
TLST scheme was applied to a representative isolate of each
PFGE subtype as well as to additional isolates to represent
each isolation year (Table 3). By TLST, all isolates typed were
STT-2, which matched the previously characterized isolate
TX2486 (representing the index isolate for the HV1 clone), an
outbreak VanB-type E. faecalis strain isolated in Houston, TX,
in 1994. These results are in agreement with the published
PFGE and MLST results, which suggested a link between the
U.S. strain and this Colombian outbreak clone (1).
Conclusion. The development and validation of TLST in
comparison to the seven-gene MLST scheme found TLST to
be as discriminatory as MLST, but utilizing less than half the
number of alleles and thus reducing the cost; with recent ad-
vances in technology, the reduction could be to less than half
the cost of standard MLST. Also, TLST successfully charac-
terized all PFGE-defined clonally related isolates as having the
same STT and those different by PFGE type as having different
STT and therefore should prove effective for hospital epidemi-
ology for the identification of pathogenic clones. Overall, the
discriminatory abilities of TLST for all 76 isolates tested were
similar to those of MLST and PFGE.
ACKNOWLEDGMENTS
We thank K. V. Singh for his advice and for help with MIC deter-
mination. We thank L. S. Jensen (Denmark), T. Coque (Spain), R. del
Campo (Spain), and E. Sadowy (Poland) for sending isolates.
This work was supported in part by an NIH grant (R37 AI 47923 to
B.E.M.) from the Division of Microbiology and Infectious Diseases,
National Institute of Allergy and Infectious Diseases (NIAID). C.A.A.
is supported by a K99/R00 Pathway to Independence award (1K99-
AI72961) from NIAID. R.J.L.W. is supported by the European Union
Sixth Framework Program under contract LSHE-CT-2007-037410.
This work was carried out in a facility supported by NIH (CTSA) grant
UL1 RR024148.
REFERENCES
1. Arias, C. A., S. Rincon, S. Chowdhury, E. Martinez, W. Coronell, J. Reyes,
S. R. Nallapareddy, and B. E. Murray. 2008. MRSA USA300 clone and
VREF—a U.S.-Colombian connection? N. Engl. J. Med. 359:2177–2179.
2. Bourgogne, A., D. A. Garsin, X. Qin, K. V. Singh, J. Sillanpaa, S. Yerrapra-
gada, Y. Ding, S. Dugan-Rocha, C. Buhay, H. Shen, G. Chen, G. Williams,
D. Muzny, A. Maadani, K. A. Fox, J. Gioia, L. Chen, Y. Shang, C. A. Arias,
S. R. Nallapareddy, M. Zhao, V. P. Prakash, S. Chowdhury, H. Jiang, R. A.
Gibbs, B. E. Murray, S. K. Highlander, and G. M. Weinstock. 2008. Large
scale variation in Enterococcus faecalis illustrated by the genome analysis of
strain OG1RF. Genome Biol. 9:R110.
3. Burtscher, M. M., K. E. Kollner, R. Sommer, K. Keiblinger, A. H. Farnle-
itner, and R. L. Mach. 2006. Development of a novel amplified fragment
length polymorphism (AFLP) typing method for enterococci isolates from
cattle faeces and evaluation of the single versus pooled faecal sampling
approach. J. Microbiol. Methods 67:281–293.
4. Carrico, J. A., C. Silva-Costa, J. Melo-Cristino, F. R. Pinto, H. de Lencastre,
J. S. Almeida, and M. Ramirez. 2006. Illustration of a common framework
for relating multiple typing methods by application to macrolide-resistant
Streptococcus pyogenes. J. Clin. Microbiol. 44:2524–2532.
5. Coque, T. M., and B. E. Murray. 1995. Identification of Enterococcus faecalis
strains by DNA hybridization and pulsed-field gel electrophoresis. J. Clin.
Microbiol. 33:3368–3369.
6. Coque, T. M., J. F. Tomayko, S. C. Ricke, P. C. Okhyusen, and B. E. Murray.
1996. Vancomycin-resistant enterococci from nosocomial, community, and
animal sources in the United States. Antimicrob. Agents Chemother. 40:
2605–2609.
7. Dina, J., B. Malbruny, and R. Leclercq. 2003. Nonsense mutations in the
lsa-like gene in Enterococcus faecalis isolates susceptible to lincosamides and
streptogramins A. Antimicrob. Agents Chemother. 47:2307–2309.
8. Evans, A. C., and A. L. Chinn. 1947. The enterococci: with special reference
to their association with human disease. J. Bacteriol. 54:495–512.
9. Fakhr, M. K., L. K. Nolan, and C. M. Logue. 2005. Multilocus sequence
typing lacks the discriminatory ability of pulsed-field gel electrophoresis for
typing Salmonella enterica serovar Typhimurium. J. Clin. Microbiol. 43:2215–
2219.
10. Freitas, A. R., C. Novais, P. Ruiz-Garbajosa, T. M. Coque, and L. Peixe.
2009. Clonal expansion within clonal complex 2 and spread of vancomycin-
resistant plasmids among different genetic lineages of Enterococcus faecalis
from Portugal. J. Antimicrob. Chemother. 63:1104–1111.
11. Gold, O., H. Jordan, and J. van Houte. 1975. The prevalence of enterococci
in the human mouth and their pathogenicity in animal models. Arch. Oral
Biol. 20:473–477.
12. Gordillo, M. E., K. V. Singh, and B. E. Murray. 1993. Comparison of
ribotyping and pulsed-field gel electrophoresis for subspecies differentiation
of strains of Enterococcus faecalis. J. Clin. Microbiol. 31:1570–1574.
13. Harbottle, H., D. G. White, P. F. McDermott, R. D. Walker, and S. Zhao.
2006. Comparison of multilocus sequence typing, pulsed-field gel electro-
phoresis, and antimicrobial susceptibility typing for characterization of Sal-
monella enterica serotype Newport isolates. J. Clin. Microbiol. 44:2449–2457.
14. Hartel, P. G., S. P. Myoda, K. J. Ritter, R. L. Kuntz, K. Rodgers, J. A. Entry,
S. A. Ver Wey, E. C. Schroder, J. Calle, M. Lacourt, J. E. Thies, J. P. Reilly,
and J. J. Fuhrmann. 2007. Geographic sharing of ribotype patterns in En-
terococcus faecalis for bacterial source tracking. J. Water Health 5:539–551.
15. Hidron, A. I., J. R. Edwards, J. Patel, T. C. Horan, D. M. Sievert, D. A.
Pollock, and S. K. Fridkin. 2008. NHSN annual update: antimicrobial-resis-
tant pathogens associated with healthcare-associated infections: annual sum-
mary of data reported to the National Healthcare Safety Network at the
Centers for Disease Control and Prevention, 2006–2007. Infect. Control
Hosp. Epidemiol. 29:996–1011.
16. Hubert, L., and P. Arabie. 1985. Comparing partitions. J. Classif. 2:193–218.
17. Hufnagel, M., L. E. Hancock, S. Koch, C. Theilacker, M. S. Gilmore, and J.
FIG. 2. PFGE of isolates which were SLVs or DLVs by MLST.
Lanes: a, TX2783; b, TX2148; c, TX0645; d, TX4243; e, TX2621-2; f,
V583; g, TX4239; h, TX2141; i, TX4249; j, TX4259. Black brackets
indicate SLVs by MLST, and gray brackets indicate DLVs by MLST.
2718 CHOWDHURY ET AL. J. CLIN. MICROBIOL.
Huebner. 2004. Serological and genetic diversity of capsular polysaccharides
in Enterococcus faecalis. J. Clin. Microbiol. 42:2548–2557.
18. Hunter, P. R., and M. A. Gaston. 1988. Numerical index of the discrimina-
tory ability of typing systems: an application of Simpson’s index of diversity.
J. Clin. Microbiol. 26:2465–2466.
19. Jett, B. D., M. M. Huycke, and M. S. Gilmore. 1994. Virulence of entero-
cocci. Clin. Microbiol. Rev. 7:462–478.
20. Kawalec, M., Z. Pietras, E. Danilowicz, A. Jakubczak, M. Gniadkowski, W.
Hryniewicz, and R. J. Willems. 2007. Clonal structure of Enterococcus fae-
calis isolated from Polish hospitals: characterization of epidemic clones.
J. Clin. Microbiol. 45:147–153.
21. Low, D. E., N. Keller, A. Barth, and R. N. Jones. 2001. Clinical prevalence,
antimicrobial susceptibility, and geographic resistance patterns of entero-
cocci: results from the SENTRY Antimicrobial Surveillance Program, 1997–
1999. Clin. Infect. Dis. 32(Suppl. 2):S133–S145.
22. Maekawa, S., and S. Habadera. 1996. Comparative distribution of the sero-
types of Enterococcus faecalis isolated from the urine of patients with urinary
tract infections and the feces of healthy persons as determined by the slide
agglutination reaction. Kansenshogaku Zasshi 70:168–174.
23. Maiden, M. C., J. A. Bygraves, E. Feil, G. Morelli, J. E. Russell, R. Urwin,
Q. Zhang, J. Zhou, K. Zurth, D. A. Caugant, I. M. Feavers, M. Achtman, and
B. G. Spratt. 1998. Multilocus sequence typing: a portable approach to the
identification of clones within populations of pathogenic microorganisms.
Proc. Natl. Acad. Sci. USA 95:3140–3145.
24. Maki, D. G., and W. A. Agger. 1988. Enterococcal bacteremia: clinical fea-
tures, the risk of endocarditis, and management. Medicine (Baltimore) 67:
248–269.
25. Malathum, K., K. V. Singh, G. M. Weinstock, and B. E. Murray. 1998.
Repetitive sequence-based PCR versus pulsed-field gel electrophoresis for
typing of Enterococcus faecalis at the subspecies level. J. Clin. Microbiol.
36:211–215.
26. McBride, S. M., V. A. Fischetti, D. J. Leblanc, R. C. Moellering, Jr., and
M. S. Gilmore. 2007. Genetic diversity among Enterococcus faecalis. PLoS
ONE 2:e582.
27. Melles, D. C., W. B. van Leeuwen, S. V. Snijders, D. Horst-Kreft, J. K.
Peeters, H. A. Verbrugh, and A. van Belkum. 2007. Comparison of multilocus
sequence typing (MLST), pulsed-field gel electrophoresis (PFGE), and am-
plified fragment length polymorphism (AFLP) for genetic typing of Staphy-
lococcus aureus. J. Microbiol. Methods 69:371–375.
28. Murray, B. E., H. A. Lopardo, E. A. Rubeglio, M. Frosolono, and K. V. Singh.
1992. Intrahospital spread of a single gentamicin-resistant, beta-lactamase-
producing strain of Enterococcus faecalis in Argentina. Antimicrob. Agents
Chemother. 36:230–232.
29. Murray, B. E., K. V. Singh, J. D. Heath, B. R. Sharma, and G. M. Weinstock.
1990. Comparison of genomic DNAs of different enterococcal isolates using
restriction endonucleases with infrequent recognition sites. J. Clin. Micro-
biol. 28:2059–2063.
30. Murray, B. E., K. V. Singh, S. M. Markowitz, H. A. Lopardo, J. E. Patterson,
M. J. Zervos, E. Rubeglio, G. M. Eliopoulos, L. B. Rice, F. W. Goldstein, et
al. 1991. Evidence for clonal spread of a single strain of beta-lactamase-
producing Enterococcus (Streptococcus) faecalis to six hospitals in five states.
J. Infect. Dis. 163:780–785.
31. Nallapareddy, S. R., R. W. Duh, K. V. Singh, and B. E. Murray. 2002.
Molecular typing of selected Enterococcus faecalis isolates: pilot study using
multilocus sequence typing and pulsed-field gel electrophoresis. J. Clin.
Microbiol. 40:868–876.
32. Nallapareddy, S. R., K. V. Singh, J. Sillanpaa, D. A. Garsin, M. Hook, S. L.
Erlandsen, and B. E. Murray. 2006. Endocarditis and biofilm-associated pili
of Enterococcus faecalis. J. Clin. Investig. 116:2799–2807.
33. Nallapareddy, S. R., H. Wenxiang, G. M. Weinstock, and B. E. Murray. 2005.
Molecular characterization of a widespread, pathogenic, and antibiotic re-
sistance-receptive Enterococcus faecalis lineage and dissemination of its pu-
tative pathogenicity island. J. Bacteriol. 187:5709–5718.
34. Oliveira, D. C., A. Tomasz, and H. de Lencastre. 2002. Secrets of success of
a human pathogen: molecular evolution of pandemic clones of meticillin-
resistant Staphylococcus aureus. Lancet Infect. Dis. 2:180–189.
35. Pangallo, D., H. Drahovska, J. Harichova, E. Karelova, K. Chovanova, J.
Aradska, P. Ferianc, J. Turna, and J. Timko. 2008. Evaluation of different
PCR-based approaches for the identification and typing of environmental
enterococci. Antonie van Leeuwenhoek 93:193–203.
36. Patterson, J. E., K. V. Singh, and B. E. Murray. 1991. Epidemiology of an
endemic strain of beta-lactamase-producing Enterococcus faecalis. J. Clin.
Microbiol. 29:2513–2516.
37. Paulsen, I. T., L. Banerjei, G. S. Myers, K. E. Nelson, R. Seshadri, T. D.
Read, D. E. Fouts, J. A. Eisen, S. R. Gill, J. F. Heidelberg, H. Tettelin, R. J.
Dodson, L. Umayam, L. Brinkac, M. Beanan, S. Daugherty, R. T. DeBoy, S.
Durkin, J. Kolonay, R. Madupu, W. Nelson, J. Vamathevan, B. Tran, J.
Upton, T. Hansen, J. Shetty, H. Khouri, T. Utterback, D. Radune, K. A.
Ketchum, B. A. Dougherty, and C. M. Fraser. 2003. Role of mobile DNA in
the evolution of vancomycin-resistant Enterococcus faecalis. Science 299:
2071–2074.
38. Price, C. S., H. Huynh, S. Paule, R. J. Hollis, G. A. Noskin, M. A. Pfaller, and
L. R. Peterson. 2002. Comparison of an automated ribotyping system to
restriction endonuclease analysis and pulsed-field gel electrophoresis for
differentiating vancomycin-resistant Enterococcus faecium isolates. J. Clin.
Microbiol. 40:1858–1861.
39. Richards, M. J., J. R. Edwards, D. H. Culver, and R. P. Gaynes. 2000.
Nosocomial infections in combined medical-surgical intensive care units in
the United States. Infect. Control Hosp. Epidemiol. 21:510–515.
40. Robredo, B., C. Torres, K. V. Singh, and B. E. Murray. 2000. Molecular
analysis of Tn1546 in vanA-containing Enterococcus spp. isolated from hu-
mans and poultry. Antimicrob. Agents Chemother. 44:2588–2589.
41. Ruiz-Garbajosa, P., M. J. Bonten, D. A. Robinson, J. Top, S. R. Nallapa-
reddy, C. Torres, T. M. Coque, R. Canton, F. Baquero, B. E. Murray, R. del
Campo, and R. J. Willems. 2006. Multilocus sequence typing scheme for
Enterococcus faecalis reveals hospital-adapted genetic complexes in a back-
ground of high rates of recombination. J. Clin. Microbiol. 44:2220–2228.
42. Sahm, D. F., J. Kissinger, M. S. Gilmore, P. R. Murray, R. Mulder, J.
Solliday, and B. Clarke. 1989. In vitro susceptibility studies of vancomycin-
resistant Enterococcus faecalis. Antimicrob. Agents Chemother. 33:1588–
1591.
43. Seetulsingh, P. S., J. F. Tomayko, P. E. Coudron, S. M. Markowitz, C.
Skinner, K. V. Singh, and B. E. Murray. 1996. Chromosomal DNA restric-
tion endonuclease digestion patterns of beta-lactamase-producing Entero-
coccus faecalis isolates collected from a single hospital over a 7-year period.
J. Clin. Microbiol. 34:1892–1896.
44. Shankar, N., A. S. Baghdayan, R. Willems, A. M. Hammerum, and L. B.
Jensen. 2006. Presence of pathogenicity island genes in Enterococcus faecalis
isolates from pigs in Denmark. J. Clin. Microbiol. 44:4200–4203.
45. Singh, K. V., and B. E. Murray. 2005. Differences in the Enterococcus faecalis
lsa locus that influence susceptibility to quinupristin-dalfopristin and clinda-
mycin. Antimicrob. Agents Chemother. 49:32–39.
46. Singh, K. V., S. R. Nallapareddy, and B. E. Murray. 2007. Importance of the
ebp (endocarditis- and biofilm-associated pilus) locus in the pathogenesis of
Enterococcus faecalis ascending urinary tract infection. J. Infect. Dis. 195:
1671–1677.
47. Singh, K. V., G. M. Weinstock, and B. E. Murray. 2002. An Enterococcus
faecalis ABC homologue (Lsa) is required for the resistance of this species
to clindamycin and quinupristin-dalfopristin. Antimicrob. Agents Che-
mother. 46:1845–1850.
48. Tenover, F. C., R. D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray,
D. H. Persing, and B. Swaminathan. 1995. Interpreting chromosomal DNA
restriction patterns produced by pulsed-field gel electrophoresis: criteria for
bacterial strain typing. J. Clin. Microbiol. 33:2233–2239.
49. Titze-de-Almeida, R., R. J. Willems, J. Top, I. P. Rodrigues, R. F. Ferreira II,
H. Boelens, M. C. Brandileone, R. C. Zanella, M. S. Felipe, and A. van
Belkum. 2004. Multilocus variable-number tandem-repeat polymorphism
among Brazilian Enterococcus faecalis strains. J. Clin. Microbiol. 42:4879–
4881.
50. Tomayko, J. F., and B. E. Murray. 1995. Analysis of Enterococcus faecalis
isolates from intercontinental sources by multilocus enzyme electrophoresis
and pulsed-field gel electrophoresis. J. Clin. Microbiol. 33:2903–2907.
51. Tsigrelis, C., K. V. Singh, T. D. Coutinho, B. E. Murray, and L. M. Baddour.
2007. Vancomycin-resistant Enterococcus faecalis endocarditis: linezolid fail-
ure and strain characterization of virulence factors. J. Clin. Microbiol. 45:
631–635.
52. van den Braak, N., E. Power, R. Anthony, H. P. Endtz, H. A. Verbrugh, and
A. van Belkum. 2000. Random amplification of polymorphic DNA versus
pulsed field gel electrophoresis of SmaI DNA macrorestriction fragments for
typing strains of vancomycin-resistant enterococci. FEMS Microbiol. Lett.
192:45–52.
53. Waar, K., R. J. Willems, M. J. Slooff, H. J. Harmsen, and J. E. Degener.
2003. Molecular epidemiology of Enterococcus faecalis in liver transplant
patients at University Hospital Groningen. J. Hosp. Infect. 55:53–60.
54. Walecka, E., J. Bania, E. Dworniczek, and M. Ugorski. 2009. Genotypic
characterization of hospital Enterococcus faecalis strains using multiple-locus
variable-number tandem-repeat analysis. Lett. Appl. Microbiol. 49:79–84.
55. Wallace, D. L. 1983. A method for comparing two hierarchial clusterings:
comment. J. Am. Stat. Assoc. 78:569–576.
VOL. 47, 2009 TLST SCHEME FOR E. FAECALIS 2719
